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lively, excellent separation and recovery were possible because the solubility of the gluten protein is low, as confirmed by total protein analysis. However, severe and extended mechanical action during the displacement step may cause selective loss of gliadinclass protein to solution. Furthermore, we found functional differences in the protein gluten fraction produced by the cold ethanol method (Robertson and Cao 2001 , 2004 .
It is unknown whether the differences in extracted proteins orginate in the native molecular structures or in the hydrated structures created to affect the starch protein separation. For wheat gliadins, in particular. we note only the plethostatic or cloud-point determination of critical solubility of previously fractionated Osborne gliadins (Osborne 1907; Dill and Alsberg 1925) . The plethostatic method defines the critical temperature at which turbidity initiates on cooling of previously heated and clear protein solutions. The method is best applied to and interpreted for single components in solution. However, wheat proteins do not fit this purity constraint so that the method may index the precipitation of only the least soluble gliadin subcomponent. Above the critical solubility temperature, all gliadin-class proteins were described as fully soluble. We also note reports of solubility of gliadins and whole gluten at 70% (v/v) ethanol and 20°C extraction (Meredith et al 1960a,b; Meredith 1965a,b,c; Robertson et al 1999) and gluten protein solubility at 22°C in ethanol solutions from 0 to 100% (vlv) (Robertson and Cao 2001 , 2004 .
In the present study, we describe the dissolved flour proteins in extracts of native molecular matrices at ambient and subambient temperatures in water, ethanol, and ethanol-water solutions. A number of sophisticated methods have been developed for analysis of proteins in wheat, including reversed-phase HPLC, capillary electrophoresis, and a variety of gel-electrophoresis techniques (Shewiy and Lookhart 2003) . Capillary zone electrophoresis (CZE) separates proteins by a voltage-driven migration in acidic buffer based on charge density. Highly charged, small diameter proteins have the greatest mobility in the analysis and are detected first. This automated electrophoretic method has been used successfully for the direct analysis of wheat gliadins and albumins in Osbornelike ethanol extracts employing a polymer-modified acidic buffer. Furthermore, capillary electrophoresis is known to be complementary to reversed-phase HPLC, which separates on the basis of surface hydrophobicity. Some single HPLC peaks have been resolved into multiple CZE peaks. The method requires miniscule amounts of buffer and no solvent, thereby maximizing safety, minimizing environmental hazard, and reducing material and waste disposal costs (Lookhart and Bean 1995a [.] mm the chilled liquid extract samples for injection because the sample uncharged fluids would not be expected to affect the separation. Here we chilled and centrifuged protein solutions initially formed by extraction at room temperature and then analyzed the supernatant for soluble proteins.
MATERIALS AND METHODS
Treatment and mixing. Giusto Peak Performer flour (8 g) at 14.4% protein and 11.2% moisture was vortexed for 1 hr at ambient temperature with 29 mL of water, absolute ethanol, or aqueous ethanol at 5-90% in 50-mL centrifuge tubes. Samples were chilled to the desired temperature for the below-ambient temperature studies.
Supernatant. A refrigerated centrifuge with temperature adjustment was used to separate the supernatant from the flour. After centrifugation for 10 min at 6,000 x g at the desired temperature, the supernatants were pipetted into I .5-mL conical centrifuge tubes and once again chilled and equilibrated to the desired temperature. Once the supernatant reached the desired temperature, samples were centrifuged at 14,000 rpm for 1 min and filtered using a 0.45-pm syringe filter before CE analysis.
Capillary electrophoresis. Supernatant samples were analyzed by capillary electrophoresis (CI 602A, Agilent Technologies, Wilmington, DE) using uncoated fused-silica capillaries (Agilent) with 50-pm diameter and 24.5-cm effective length. Bio-Rad (Hercules, CA) phosphate buffer (0. 1M, pH 2.5) containing a linear polymer modifier (hydroxypropyl, methyl-cellulose) was used in all separations (Bietz and Schmalzried 1995; Robertson and Cao 2004) . Samples were filtered using a 0.45-pm syringe filter and were injected undiluted with an injection time of 2 sec at 35 mbar and separated at 40°C and 7 kV. Proteins were detected by 200 nm UV absorbance.
RESULTS AND DISCUSSION
Protein groups resolved by CZE from the 70% ethanol, 22°C extract of flour are shown in the electropherogram of Fig. 1 . As expected, extraction and electrophoretic conditions yield separated wheat gliadins, albumins, and globulins. Electrophoretically defined peaks are labeled in order as a-, 3-, y-, and w-gliadin proteins. These are electrophoretically defined and do not exactly conespond to the genetic-ty pe classification using the same nomenclature letters. For instance, some of the genetic 3-type gliadins elute in the y-electrophoretic gliadin range. (Kasarda et al 1987; Lookhart and Bean 1995b; Robertson and Cao 2004) . We observed z25 individual gliadin peaks and 15-20 albumin/globulin peaks. By contrast, corn zein (a solvent-defined analog of the gliadin proteins) has been reported to have no more than five peaks by similar methods (Parris et al 1997) . Above the CZE protein trace, we include a reference or "faux gel lane" that represents the data as a gray-scale plot (black for maximum observed height and white for no protein).
By integrating all of the protein peaks, we see how the solvent composition and temperature affect the solubility of proteins extracted from the flour. As expected, most protein was soluble at 22°C and 60% (v/v) ethanol. However, no protein remained soluble at >90% ethanol at all temperatures and <5% of the maximum observed is soluble in the 0-15% (v/v) concentration range (Fig. 2) . Below -7°C, most protein solubility is minimized, with the exception of small solubility in the 60-80% (v/v) ethanol range.
All data are summarized in Fig. 3 (0-100% ethanol solutions and 22 to -12°C). The data in the faux lanes are globally heightnormalized and gray-scaled from white to black in direct proportion to height. The true black peak representing the most protein extracted is in the y-gliadin group for 60% (v/v), 15°C. In the analysis, peak patterns were matched by linear shifts of the data along the time axis or abscissa to align the peaks that were eluted earliest (albumins and globulins). The shift averaged 1-2% of the overall spectrum. When this was done for the albuminglobulin range, all downstream peaks in the gliadin range also aligned. We note four distinct areas on this summary: Region IA, where essentially no protein is soluble; Region IB, where no protein is soluble because the solvent is not liquid; Region 2, where gliadin proteins predominate, but all forms are present; and Region 3, where albumin/globulin proteins are the predominant form extracted. The boundary at which gliadin and AG proteins are equally extracted is shown in Fig. 4 . This figure is annotated to describe the region of low ethanol concentration and or low temperature for which the albumins predominate.
Integration of protein peak areas in the albumin-globulin range showed that for most of the subzero temperatures tested, the sol-
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pillary-zone electrophoresis of 70% ethanoll22°C solvent extracts it wheat hour. Bar indicates peak height as a shade of gray (most intense = black, least intense = white). nj ubility pattern is similar to that for the total protein; i.e., a solubility peak at 60% (v/v), insolubility at >90% (v/v), and diminished solubility at <60% (v/v). However, at temperatures above -7°C, there is also a peak at 0% ethanol (Fig. 5) . We tested for temperature-dependent selective extraction in the gliadin group by calculating the fractional contribution of each of the gliadin subgroups to the sum of a, 3, y, and w peak areas (Fig.  6 ) for ethanol concentrations in the range of 30-80% (vlv). At 22°C, the fractional contribution of each of a-, 0-, and y-gliadin was constant. The o-gliadin component, which is the most hydrophilic by reversed-phase HPLC, was present at low concentration and low weight fractions that were constant to 80% ethanol but diminished to nondetectable levels at higher concentrations.
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Complex behavior was observed as the temperature was lowered. The ethanol concentration range, for which a or f3 fractional contributions were constant, became limited to the 55-80% (v/v) concentration range. We found that that there was relative enrichment of the a-gliadins and depletion of the f3-gliadins at <55% (v/v) for temperatures <7°C. The y-gliadin fraction is the most hydrophobic by reversed-phase HPLC and decreased at the low concentrations of ethanol and increased at the high concentrations with the end-to-end differences proportional to the drop in temperature. The minor and relatively more hydrophilic w-gliadins made no contribution to the total protein dissolved at all temperatures <15°C.
The data above describe equilibrium extractions from milled, homogenized substrate in a native and unhydrated state. Our research interest also included assessment of dynamic extractions applied to hydrated and developed batter. During these extractions, mechanical work was applied to the batter to improve solvent Ethanol Concentration (%) Fig. 6 . Protein extraction for gliadin proteins in 55-80% ethanol. (Robertson and Cao 2004) were germane. In one, the dispersion/equilibration method, batter was suspended with an excess of ethanol and then mechanically dispersed, collected, and redispersed two more times. After the experiments, there was significant loss of bulk cohesiveness with the batter mass shredded into many smaller pieces. In a second method, compression/continuous extraction, batter was continuously washed with a slow flow of ethanol while being repeatedly stretched, relaxed, and compressed. Bulk cohesiveness remained as the resultant protein was only broken into a few spongy pieces. We calculated fractional contributions from electrophoresis spectra for these published experiments (Robertson and Cao 2004) . Peak assignments were the same as those used in dry-flour equilibrium extractions. The distributions are summarized in Table I along with reference data for equilibrium extractions at two temperatures. The dispersion method produced extracts enriched in y and w (slow electrophoresis migrating proteins), depleted in a and slightly depleted in f3 (rapidly migrating proteins) when compared with the dry flour equilibrium values at the same temperature. The gentler compression method produced extracts initially enriched in a, and depleted in 0 and y. However, as the ethanol concentration increased and the mechanical disruption progressed, the extracts became a-and 3-depleted and highly y-and 0)-enriched relative to the flour extraction. With the exception of the early compression extracts, where the solvent has likely not fully penetrated the structure, the gliadins enriched in the extracts from wet substrate relative to the extracts from dry substrate must be less tightly incorporated in the gluten matrix, and the gliadin fractions relatively depleted in the extracts must be more tightly incorporated. The literature reports relative surface hydrophobicity (reverse-phase HPLC), charge density (capillary zone electrophoresis), molecular weight, and cysteine content for wheat gliadin proteins from unassembled or "native" gluten proteins (almost universally dry, milled, defatted substrate) and ranked following in vitro separations (Shewry et al 1986; Lookhart and Albers 1988; Lookhart and Bean 1995b) . However, extrapolation of these rankings to the wet-gluten disassembly 500 CEREAL CHEMISTRY process does not consistently explain the differences relative to dry substrate. For instance, 0)-gliadins lack the capability to form cross-linkages because the content of the sulfur amino acid cysteine is very low and these gliadins extract preferentially from the wet matrix; but sulfur-rich y-gliadins also are preferentially extracted. Furthermore, (0-gliadins and y-gliadins, respectively, have the least and most hydrophobic surfaces by reverse-phase HPLC using acrylonitrile as the elutant, but both are enriched in the ethanol extracts of wet dough. Meanwhile, a-and 0-gliadins with intermediate hydrophobicity are neither enriched nor depleted. These paradoxes are inevitable because the dough being analyzed by simultaneous application of mechanical disruption and solvent action is not only the result of molecular composition, molecular structure, and physical features of the component proteins but to the inter-and intramolecular architecture created by hydration and mechanical development. With further development, the novel technique of extraction of batter that is being mechanically distressed might serve to further explain dough architecture (Robertson et al 2000 .
CONCLUSIONS
Extraction of flours using ethanol solutions at ambient and subambient temperatures suggests that there is selectivity for individual gliadins with temperature only for relatively wet ethanol concentrations (:555%, v/v). Differences in protein distribution for extracts obtained from developed batter may be assigned to differences in the strength of incorporation of the individual gliadin proteins in the developed protein matrix.
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